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EAMMM3J:. fiKttffln4£. 90mstHWt& 
tr. 

aFe-bCo-cM-dXl-fN 
(M= T i x Zr. Nb, Hf, Ta, V, Mo<D?-£ 
l«*ytW:2aW±, Xl = Cr, Ga. A 1 > Si, 
N i (Dr>*> 1 «*fctt2«6t± 0 fctcL, a. b. c. 
d, f ttS^Ta^tl^JR^JtTfcD, 60^a + b 
< 9 CU 3 0^ a <9 CK 5 ^ c < 2 0. 0. 1 <d ^ 
7, 3^f^30Tfe5o ) 
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■.mum 



BEST AVAILABLE COHv 



(2) 



#BH 2002-352408 



cmm i ] *«tts«±»c, < t mmmt 

a F e-bCo-cM-dXl- f N 
(M= T is Zr, Nb, H f\ Ta, V, Mo£0H 
1 »Srctt2«J^±. Xl = Cr, Ga s AU Si, 10 
NiO^l Wi^fclt 2tttiLk 0 fctcls^ a, b. c, 
cU f tiS^T^tlfclg^it-efet). 60Sa + b 
^90 s 30^a^90, 5 ^ c ^ 2 0 N 0. \ 
7, 3 ^ f ^3 0T^5o ) 

[MM 2] #«ttS8Lbfc:. 'j>&< fcfcttKtett 

^-rs««Etw«». 20 

aFe-bCo-cM-e X2- f N 
(M = T i , Zr, Nb. Hf. Ta. V, Mo<0H 
1 ffl$tf:«2«tt±* X2=P, C, B, 0<Oo% 1 ffl 
Sfctt2«ttU:o fcJEU a, b, c, e, ftiH#* 
TtS**i:fcM?JtT*&. 60^a + b^9 0, 30^ 
a ^ 9 0, 5^c^20. 0. I < e ^ 1 0, 3 ^ f ^ 
3 0T*5 o ) 

[MM 3 3 #«ttK«±fc. *&<*fett*tttt 
»3^6**ft*ttT«I«l:^ ifi±OK©Eft14*fW®-r 
^EfrSJMglc^ K{b«fltttf^fcttL£££i£»cE 30 

aFe-bCo-cM-dXl-eX2-fN 
(M=Ti, Zr, Nb, Hf, Ta. V, Mo<Do% 
1 2 ««±> Xl = Cr. G a, A K Si, 

N i <D5^ 1 «*fctt2«tt±. X2=P, C\ B, O 
OH l«*fctt2itt±« fc/cU a, b. c. cU 
e„ f liS#*T«*ftjfcK^JfcT*9> 6 0^a + b 
^9 0, 30^3^90, 5^c^20, 0. 1 ^ d ^ 40 
7. 0. l^e^7. 3^f^3 0T*So) 
[MM 4] 60<a + b^80, 3 0^ a < 8 
0, 5^c^20, 0. l^d^3. 0. l^e^5. 
8^ f ^2 5^**Ct*ra*fc-rSMM3lcE«© 

CM** 5] WKttTttW!* Fe*±j»t*f 
J9ttSl 3nmWT<0««tt*^, IMS^HM 
fcN (M=TK Zr, Nb. H f\ Ta. V, Mo<D 

^sc^wa^-r^MMi 7iS4o^-6^-rn^ so 



l flkiEMOfittftEMfttt. 

[mm e ] tuneA# b c c mm* tz>ct*m 
mt?% mm 5 icmmvmmmmfco 
m&m 7 ] mt&Tt&i&<Dmmm&&. bs#i 

■ma* 1 BicEttottAEflMttt. 

1. 4TW±T*SCfc*»«fr««|««171S7© 

[mm 9 ] tt«ttT«SBioisai«*iB« b s ^ k 

fc«HTFilMJI<DIIW t £<D® B s • t 5 0 T • n mW 

[MM 1 0 ] (RattTflfiKOfiSftWKffifiB s £ 
IJtt«ttT«OM» t tCOmB s • t 1 0 0 T • n m 

«±-e* s c t tt&mt -r &m m 1 t^m 9 <o 5 -b v>-r 
ntMi 1] Eiwwmw, tk zn. y. z 

r, Ru, Re. Gd. Tb. HfOHl8*fel42 
«tt±* 5 0 % a t W±*&T3 h c p«it»«fr 
SC£*W»£-r5MMi7I>Sl 0<0"5-6^-rti3^1 
JMfc:E*0««IBt»«^ 

[MM 12] EAMtPH^. NL Cu, Pd, 
A g, P t . I r, A u, A10?^l a*^«2i»W 

±* 5 0 % a t curgrtrr ^ f c c mmmt* * c 

i:«W«i:"rsM**i7!rSl oo^^ftoi 
[MM 1 3 ] ^aattTifeSico^it^teJSffliJo^® 
1 T^M l 2 (Do t^-ftO* 1 WcGtKOttSCEMiK 

m&m 1 4 ] fiinttttMoa!atK«E)BAttw c- 

Hn) tfO (Oe) tt±T**C k**M>^t"*MM 

1 ibm 1 30-5 -si/^-rn^ 1 micmmommmmt^o 
m&m 1 5 ] #«tts«±fc. < ^ 

-r*Eia»JW«l^. K{fcWB«*WRfc»L*lca«:ic 
EfpJLfcME?814^^, fitMM£*Rtt. SufSSX^ttT 

a F e-bCo-cM~dXl-eX2- f N 
(M=TK Zr, Nb, Hf. Ta, V. Mo<D^ 
l«Sfett2«fiU:, Xl=Cr, Ga, AU Si, 
NiiDHlim2lfi(±> X2=P. C, B. 0 
1 «Sfcti2«W± 0 fdf£U a, b. c, d. 
e, f *45»*'e««*lfcIK?lte«9. 6 0^a + b 
S 9 0, 30^3^90, 5<c<20. 0. 1 ^d ^ 
7, 0. 1 ^ e ^ 7 . 3Sf^30T*fe«o) 
[MM 16] tt«ttT«fiM*, Fe*±tf»t« 
1 3 n mWTOWMWIfc, K«BI8« J: 0 t> 



(3) 



ft ffl 2002-352408 



MtN (M= T i , Zr, N b. Hf> T a. V, Mo 

% a t, o i: -rscfi^a^-r -s is^i 5tc§a« 

[HlJfcgU 7] ««ttT«fiJ««^W^ffitT«M 
U «M©l*U:fH^*/mtfX©a*****0. 1 ~ 
5 0 v o 1 %tt?.C t^:#®fr-5li*]l 1 5 lUTcli 
l 6 KKffioittacre8K{ta»&£&. 

ttE1TF«yg*2 5 0t~4 5 OWSmmt 

*»&4*«c«ttT«anfc. *±©it<0iiiRjtt*iw»-rs 

LfcSHKttKi:, «M«fc3B«»»6n. fufBSKSSttT 

aFe-bCo-cM-dXl-eX2-fN 
(M=Ti, Zr, Nb> Hf, Ta, V, Mo<D^ 
1 MS felt Zm Xl = Cr, G a. AK Si, 

N i ©?^ 1 2 «t(±, X2=P, C, B. O 

©ni«*fttt2«Wi. fcfcU a, b, c. o\ 
e. f W5^^^tl^?JtT-fet>, 6 0Sa + b 
^90, 30^3^90, 5^c^20, 0. l^d^ 
7, 0. 1 ^ e < 7, 3^ f ^ 3 0f$5. ) 
[«**2 0] ttJKttTilMB*'. Fe^^tS 
TJSHS 1 3 n mttTOWOISfifc, KflMMSA* 9 fc 
MtN (M= T i, Zr, Nb, H f\ Ta, V, Mo 

[0 001] 
[0 0 0 2] 

y k *«#/j>* e <t o jean 

hmvc. Gate? hmRT-<D&.m&<om®ic&vmw/ 

±fc£fflclEffi Lfc^itfaMfB£i!&&l4. SSfB&Sggft 



[0 0 0 3] 

<0»WJ:?«Ci:tfT'?5, LfrLfctfS, ±fB 

mmn<mmm&v%2,$><DT<t,tte<. c© 
^tcUMmsasmmifWBiittir^it. W2 

- 1 5 2 2 0 8 Affile H\ Co (50~75at%) 

— M (M =Ti, Z r, Hf, Nb, Ta, Mo. 
W) (4 — 2 5 a t %) -N(l ~3 5 a t 

-DJtC o-&^e.&S»«1tMli, CoO^SW8 

5 a t %mffiT?&%>tmim{£t>mTT%rctb. comk 

€fc < 9, HfBSSSft^B»fc4SP^S*^ofc:o 

BgS^feofco £fct#F«W 11-14 9 6 2 8^$StC 
14. FeAISi, FeTa N-&^e.4S«flS1tT«fi 

nri/^So LfrL4tfe>, ±fBB*M!SaSSW*-t*«. ^> 
Wi^^f <45i:t*^, KM^-^X^— 

[0004] ±iB^is»cSi*T4«n^*>o 

[0 0 0 5] 

[PS«rSfi*-rafc46©^S] ±IB©gW^ii^-rafc 
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So 

aFe-bCo-cM-dXl-fN 
(M = T K Zr, Nb. H f\ Ta, V, Mo<Dr>*> 
ia*fc«2a«L Xl-Cr, Ca. AL Si, 
N i <D?^ 1 a*fctt2'att±o fc*:U a, b, c, 

d N f t±s»*T«^nfcjg^?itr**Dx 6o<a + b 

^9 0, 30^3^90, 5^c^20, 0. 1 ^ 
7. 3 ^ f ^ 3 OtfSSo ) 

IRttteTifiKfci:. WTOffl«T*«nsttfi*&tyfeO 
tt^TtJ;i\ 10 

aFe-bCo-cM-e X2- f N 
(M= T i N Zr, Nb, H f . Ta, V, Mo05^ 
■ ll*fctt2ltt±, X2=P. C. B. O^^ll 
*/fcti2«JW± 0 fc*£U a. b, c, e. f 
t?«*nfeJR-?ltP*D. 6 0^a + b^9 0, 30^ 
a ^ 9 0, 5^c^20, 0. l^e^lO, 3 ^ f ^ 
3 0T*5o ) 

aFe-bCo-cM-dXl-eX2-fN 20 
(M= T i v Zr, Nb, Hf, Ta. V, Mo<D^ 
li*^i4 2ittL Xl = Cr. Ga, AK Si, 
N i <Do% 1«*^±2«W±, X2=P. CK B, O 
©5* lM*fcti2»et±o fc7£U a, b, c. d, 
e, f tiH»^T^tlfcJ®^FltT^t), 6 0<a+b 
^9 0, 30^3^90, 5^c^20, 0. 1 ^ d ^ 
7, 0. 1 ^ e ^ 7, 3 ^ f ^ 3 0t^§ o ) 
±Ea-ni, &©IBBlc*«C£#»£Ll\> 60^ 
a + b < 8 0, 3 0< a ^ 8 O, 5 < c < 2 CK 0. 1 
^d^3. 0. 1 ^e^5, 8^ f ^2 5 Q ®tf&14Ti& 30 
mt. F e *£«#-T l 3 n m«T0WU« 
fi^s K«JfflfiJI<fc»3t>MfcN (M= T i s Zr, N 
b. HK Ta. V. Mo<Do%\m&Tz\tZmi±.) 

LA\, flMOISifltt. bcc«fil*t5Ci:tf»*U\ 
U«ttT«W)M«*MBstfl Ttt±tt50«< 
£?£L<. 1. 4 Tttltt 5W6lc!ffSLt\ ft 

JPt<D*SBs • t^r5 0T • nmJ^±£*T 5 L 
<K 1 00T • nmtt±tt50^6k:(fSL^o E 40 
fammmtt, T K Z ru Y, Z r, R u. Re. G 
ds Tb, Hf€^l «£;fcfcJ:2ffl£U:*:5 0%a t 

^fr*« ElWWWWi. NKCu,Pd,Ag. P 
K I r s Au. AI<O^iaSfc*4 2«tt±%5 0 
%a ttt±4t« f c c«efi«IIIA'&«:««lS2: < r« 
ci:^Tf5. ttttfTFiftHtt. aflOKttlMIOSaBO 

(O e) ttJbfctSOtfff* L</\, #3B«<0««fE»» so 



*OHit*ffi«, JHttttStfLklc, '>*<£fctt«tt» 
fc#««c 

a Fe-bCo-cM-dXl-e X2- f N 
(M=TK Zr, Nb, H f\ Ta, V, MoO^ 
1 ffli=fcfcl:2«W±, Xl = Cr, Ga, AK Si, 
N i <D-3"6 1 «Sfctt2MJtt±. X2=P. C, B, O 
0^"6ia*fctt2iW±o fc«U a, b, c. d, 

<90, 30^a<90, 5^c^20, 0. 1 ^d ^ 
7. 0. l^e^7, 3< f^30m ) ' 

"TfcTOfflSi 3nmttTO«IBSifc, IftM^J; 
HM^N (M=Ti, Zr. Nb. HK T a. V, 

0 1 Ll\> £;fc*§®H-e«\ IMKttT 

C©tt«ttTiftIB*2 5 0°C~4 5 

»S£-r*»E«'Ny Kfc*«*fcK«E»wflyBni-e« 

«ttTttilfc. iS±oKOElRltt**J»^rsElBl»J»K 

aftsa)8^affi»cWL^cSie»cEfaLfcS!sa 

aFe-bCo-cM-dXl-e X2- f N 
(M= T i N Zr. Nb> H f . Ta, V. Mo^H 

1 a*fe«4 2aJCt±, Xl=Cr, Ga. AK Si. 
N i <Do*> ia^fct±2SJ^±. X2=P. C. B, O 
<D5% 1 M^fcti2aia±o fcfcL. a. b. c. d. 

e. f i&-g#&vm~£nrcMi*it'v&*), 6o^ a + b 

^9 0, 30^3^90, 5 ^ c ^ 2 0. 0. 1 ^ d ^ 
7. 0. 1 ^e^7, 3^f^30T'»5. ) 
tt«ttT*«tt. F e *±JS#T *¥*£ttS 1 3 n 
T<D««M6ft£. IMmDtM^N (M=Ti, 
Zr, Nb. Hf, Ta, V, Mo£0^1 HSfc:«2 

[0 0 0 6] 

tt, 3Wtta«i±Jc. SXIKttTlt!lM2i:, EAMWII 
3fc. SitK14^4^, S^fii5^, ■wae^tfMA 



(5) 



2 0 0 2 - 3 5 2 4 0 8 



77X^7X^Lt«iaffloy-^7^i*^7^ r;i/ 

*7X*ffl^5(l^^T'f5o •b7^-y^Ifi^LT io 
*H#i^We**. ^OtttStEl fcLTii, ±E£ 

3/c#k E»W£B#fcfc»S*t*'N'3' Fff±K**fi< 
T £ fc*. #«14S« 1 (Dmffi^mZ Ra*2nmK 

aT^ncfcw-sT^ mmzmmfo<omffiw{h*'h 20 

U E8f?£B#fc*3tt5«»'\y K»±K**+» 
C0 0 0 7]"*attT«fi«2tt. *\*K*6©SWl©a 
1 »c»LSIia^ia«*:HS-r*fca6k:B»&tiTl^S«» 

aFe-bCo-cM-dXl-fN ---(l) 
(M=TK Zr, Nb. Hf, Ta, V, Mo<0?^ 30 
1 a*fctt2«W±x X1=C r. G a. A K Si, 
NiO«iam2««±« fe^U a, b, c, 
cK f ttB»*"P**hfeK? it (a t%) T'&D, 6 
0^a + b^90, 30^a^90, 5 ^ c ^ 2 0 N 
0. 1 ^ d ^ 7 , 3^f^30T^§ o ) 
a —Hi, 60^a + b^8 0, 3 0 ^ a ^ 8 0. 5 ^ 
c < 2 0. 0. l^d^3. 8< f <2 5 £?Z>(Dtf& 

^ttSKfi»*5 0a t %£j&*T^t?c£*iti!frr 40 
So «(i)k:^tttfi©*#Wi: Lt«x FeHfCr 
N, FeHfAIN, FeHfSiN. FeHfGa 
N, FeHfCrAIN, FeZrCrN, FeTaC 
rN, FeNbCrN, F e T i C r N, FeCoHf 
C r H*mfZ>C£tfV%Z>o 

C0 0 0 8] ft«ttT«S«2tt, ttT©a«T« 

aFe-bCo-cM-eX2-fN •••(2) 
(M=T i , Zr, Nb. Hf, Ta. V, Mo(0^ 
1 «$fc«:2fflW±* X2=P, C N B> so 



*fcli2ffltt±« fcfcU a. b. c, e. niS#* 
■p*«nfeJK^Jt^*t), 60^a + b^90, 30< 
a ^ 9 0, 5^c^20, 0. 1 < e ^ 1 0. 3 ^ f ^ 
3 0T*§o ) 

a-fti, 60<a + b<8 0, 30^a<80. 5 £ 
c^20, 0. l^e^5. 8^f^25^nWJ; 
t)fiFSL^o IfcWttTifiK 2 ti, a(2)T/f^n«»fl 

^WSOJMMHfcLTI*. FeHfBN, FeHfC 
INK FeHfPN, FeHfON. FeHfBCN. F 
eZrBN, FeTaBN, FeNbBN. FeTiB 
N. FeHf AlCONWSctmS, 
[0 0 0 9] ttM1tTiftlS2Jc(i. WT^a/ST 

a Fe-bCo-cM-dXl-eX2-fN ---(3) 
(M-Tis Zr, Nb, Hf, Ta. V. Mo(Dv% 

1 «S;fctt2Jltt±> 

Xl = Cr, Ga. AU Si, N i O 5 % 1 
2«IJ^±. 

X2=P. C. B, 0^^^lMtfcii2lW±o 
fcTSU a, b. c. d. e. f tiS#¥^***lfcB 
^tfcT'&tU 60^a + b<90, 3 0 ^ a ^ 9 0 N 5 
< c ^ 2 0 , 0. 1 ^ d ^ 7 , 0. 1 ^ e< 7, 3 ^ f 
^ 3 0T*5o ) 

a— fti. 60^a + b^8 0, 3 0^a^80, 5 < 
c^20, 0. l^d^3s 0. l^e<5. 8<f< 

2 5it5OT«fc5»SU^o ««ttTiftlS 2 t±, 5£ 
(3) TTn? n§«»M» 1 1 § t (Dt^S C t ^ 
£Ll,\> ^(3)^f^^WJi:LTli, FeHf 
CrBN, FeHfAlBN. FeHfAlPN, Fe 
HfCrAlBN, F e H f C r B P N^tf £tf 

[0 0 10] FetC o<O^PP<D-&fh (a + b) tf± 

fea6»*L<«:l>o Fe^t$ (a) ^±ffilBH*SBI 
ttft«***^h*<ftO«fc«ttT«!lffll2* 

m<ir&&mw£.Kzrc*b^ iif«Ra^<^ 

*+»fcfi<t5Ctm6<45, KEflifEftfbtf 
IIL<^So ^fcFe <D$W*^±E«H*«^. S ^ > 

(c) *«±EIBH*»T*«i:. ^«14Tlfi^2 



(6) 



W2 00 2-3 5 2 4 0 8 



$>z> t . mmvtTmm 2 ©ttaaga**:* < * 0 w < 

[0 0 1 1] (d) ^±fBKH*SlT*S 

itint-S;fci&#*L<ttl\, X2<0-&«* (e) tf±E 10 

(bh*}«t*s^, tt»tt««**<aD«it»y-rx3Wit 

inrTSo X2©^**P±E«H*«**i:. <&«ttT 
%M2^fb^ :; f : +»i:^D^'r<^^o SfcttttttT 

M2*^5§tt5if*/^ Xtf if ADf « tz A6» £ L < 

[0 0 12] (R«ttT«fi«2«:. F e*=fe«»r««« 
«fclt£. K««»«DtMtN (M=TK Zr, N 
b, H f\ Ta, V. Mo^O^ lBSfcli2«tl±) 

1^0 02ti, fMeaafciwjiiB^swrsifcKttT 20 

TitfiS 2 tf, ^&<DfiUffl«ifi 2 a t , Ctl^> mm&ik 2 
a*HTSS»«l2 b t^mit^^Tt^o 
cl<0«nCSJl2 aOTJ&ttfttt. 13nmOT^ot 
t>5o COfi^Sgti, 10nmOTi:«WIL 

i*T^si 2 *3<fc ummmikm 4rto««^7>rx^- 9- 
*fx*/h*<u Kf*-/>rx*ffiK-rscfc35ii«"e^ e 

[0 0 13] ftitSH2 a©¥i^ag«, aB03«?ai 30 
^ (TEM) lcJ;5ft«|l«fc9*i65Ct^tSo 
t&sb«T EMtC<kt?«§K^tl/fc««eigffi2 aOHfll 

«A2 a&mi;moHicKau coRota^ ; e 
ow±) ^-rso^»iST*«o 

[0 0 14] M0tMI2 attb c c«ifr&*:3Cfcff# 40 
SUr\, W B B H 2a^bcciM^§t, ttlRttlc 

WHIM 2 aT'ti (110) ffitfABfeEfnlLT^SCfc 
tf»*Ll\ ttft«iSfc<fctfElSffiliX»0»fffi (XR 

d) kiTWisu-rscifctf-e**. 

[0015] ^K14T%M 2 <9§S?nfiS<fiS£ B s ti. 1 

i. 6tk±) mcfctf»*u\ iainmmssB 



10 

[0016] »»sTiaffi 2 o§sa«tmaBS bsw 

14TitiJg|2£>MJP t tOiB s • t 50T-nm« 
± ($t£L<til 00T« nmttl) T'ftSCh^Sf* 
Ll\> CO B s • t^50T • nm*i»-Ci&5fc, H£ 

[0017] ft»ttT«i2tt, mm mmmamtm 

C<DIHt»# (BKUB) OWIi3nmtt 
T ti 2. SnmttT, J:t)»$L<(i2 nm 

JtTF) T^CtWSLK C©IMfc»#<DJlUr#3 

0«ffi»fttf5M»fc4 t) , *ffi¥J@H<* R a < 4 

S («ittf 2 nm*iBA«*^aS) o ^©ft*. Eft 

^tf-ei?a<ftD^ a5E»««ffc3WBib<a*. 

T^2^»b*nfctt»t4*-^i«?»3tjS. S I 
«J«2affi<0ttfb»» (UffcJi) «0JP*fc*. fllfcfcHKf* 

Wffioaafflii?*** (tem) ^»c£t>*A63c 

[0 0 1 8]«KttT«i2©filI*Hclil00 (0 
e) OLT (#£L<te3 0 (Oe) fitT. ZZlcft&L 
Oil 0 (Oe) UT) tt50^»SLl\ 

L<fcl\, «CBBtttT«W2 0«*a 

1 000—1 000000 (£?£ L < t± 1 0 0 
0 0 0 — 5 0000 0) £*rs©tf#*i,t\, ft£9tt 
*^±EIBH*i»T»* 5 £ . ESB#fc:fflE»E»«tt^<D 
+»*E»»flfe»tt*»6*i 

fti/^tn^»«o a*. aaMsttCGs*tt3RT»*L 

[0 0 19] »«ttT«fi«2<o«afflfBtt«. KftEMK 
a*2nmttTW5^»SU\ «BB¥^H« R a 

[0 0 2 0] El4M0K3ti:. Sit^ttM 4 OEf^tt^ 

tt. W<tt»] (SK«1£Bl4ffl!l) hcp^ 
jg^/cti f c cSBi^^StOT-fcSCii^JFSL^o 
ElRlWJ»M3^ffl^&ti« h c pmmttftt: bTti. T 
i, Zn, Y, Zr, Ru, Re. Gd, Tb, H f <D 
9*6iam2«tt±*5 0a tttlfttntO* 
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«E»ffifi{fctf^tefc*fca&»SLl\, *8»c. Ru£r 

ffl^st, aii«tt«4osiiEifttt*ie*aci:^'e 

■HfcWr ^t&^oM^re^#^LT. ±E»» CT 
i, Zn, Y, Zr, Ru, Re, Gd, Tb, H f <D 
5* l«Sfctt2«K±) ^ Co, Cr, Fe, Ni 

flMfflftfSfci&x ±fB»S (T U Z n , Y , Z r , R 10 

u, Re. Cd, Tb, H f <D o 1 M&tzli 2 

Jt) tec. 0 N N, Su B, P*HS*nLfc-&&*flJ^ 

p«JB*t«0*f*fWi:LT«:> Ru, RuCr, Hf, 
H f B , ReWSCtmSo 
[0 0 21] EftM»«3fcJB^SftS f c c«jS«^ 
tLXlts Ni, Cu, Pd, Ag, Pt, I r, A 
u, A 1 <Dr>% l«£fctt2SJ^±#5 0 a ttt±9* 
nt^ffl^5C^WSl(/\ a^T*t>Wfc % Ni 
*rfl§^«fc, SlftttttK4<oSitEatt«lCa64S<i^^ 20 

(Ni, Cu, Pd, Ag, Pt, I r, Au, A 1 (O 
l«*rc«2«W±) IC, Co, Cr, Fe, Ni 

*lfflfk-r5fcA&, ±E*m (Ni, Cu, Pd, A g , 

Pt, I r, Au, A 1 <Oo% lffl£fcfci:2«J^±) 
tc, C, O, N, Si, B, P*»4PL^-fr**ffl(/^ 
C^ttfSc ElftMM«3U:^tefli^SftS f c c 

mmin<DmfoMti,Ti±^ Ni, nicfn, cu, 30 

P d BWSCtWfSo 

[0 0 2 2] ElRlWJWR3 0JP<*fcJ\ l-50nm« 
£LOi2 — 30nm, £ £ tcjff£ L < « 2 — 2 0 n 

m) i:t5»sit\ £<Dmztfi±3Emmamv& 

Zt, Slt«tt«4k:43tt«SlftElRltt3b t ffiTL. EA 

avs^ftLEaB^wtt^Bftra. *feE»s*wtt 

[0 0 2 3] SiS®ttBi4 Ci, *o«fbS»tttf«K»i: 

»LT±jcSiatcEiRibfeWit»«*^ftst>o-e* 

D, *<D*f»£ LTti, C o C r X3^, C o C r P t 

CoCrTa^ CoCrPtX3^ CoPtX3 
2£ (X3 : T a, Zr, Nb, Cu, Re, Ni, M 
n, Ge, Si, O, N, *3&UB<Do*> 1 «$fc«: 2 

S4 0Sita»a7?tt«:iSi6Sfc«)U:. CoCrPtX 
326 N C o P t X33RO^T*. P f&*Pp#8~2 4 a 
t%-e»5t,©*ffll>5Ci:W*U\ £7cPt#W so 
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Hn) *mmco&L_tt?%ct&v%, utatimz 

ttM4fcli. SMIM^(Co, Co^l Fe, F 
e^*H) «4IW(Pd, Pd<££, Pt, P 

3 0 fll*.fcf. Co, CoX4, Fe, F e X4<0^"f tlfr 
fr£&3/f Pd, Pd X,4, P t, P t X4 (X4 : 
Cr, Pt, Ta, B, O, Ru, S lS^fc 

«wu3feWBfi*«fli-r«cfc^T*$«. ±iacoc r 

^ N CoCrPtX CoCrTal, CoCrPtX 

j&ztz>ttft£i,Ti±, ft±m7tm**sts&& (TbF 

[0 0 2 4] Slt^ttM 4 OfflttKft^J&Itt j? (- H 
n) ti, 0 (O e) J^± (#£L<ti 10 0 0 (O e) 

(-Hn) tf, C<D«5ffl*SS^*S^Jft}g&riHtt^ffi 

Bsfcis-r*?^ amKWEdOttir (-h 

n) fctt, JBHttSI (MHft» tc;fc^T, Kfk^fiSft 

o^**jSa^6a{bse*gc-rj«b*'eoE(B (o 
e ) TstciOTts. a*3. mmwti&timn (- 
Hn) otffcsiE^eci-rjSb^ ^asfls^^m^^ 

Sfg«te*3«^tejE©ffi*£9 (H3*#JH) * 58? 

ffi^i:^ (0 4*#bs) o mmsm&f&mn (-Hn) 

1, EA«J»li3. ^Lt^1t^4, SII5(DW?,^ 
J:D]9!aiE«^ttJf (-Hn) tZMfeTZ C £$>T*% 

[0025] &mmvtm4 ^»^^e^«)S^s 

^5 2J^±OS^?)*5^S«5i^'rsci: tt*f§o 
C(D«Wh c p^jt^^cti f c c«5i^ 

t5«Wli«c!:tfT*«. cft6a»oaittitt, 

(SfctiR e) Co, C r, F e, N i , C, O, 
N, S i , BH*iS*nL^'&^ ; N i tC, C o, C r, 
F e, C, O, N, S i , BS?*gaPLfc&A ; C o 
tc, C r, F e, N i , C, O, N, S i B**»*D 
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Lfc&£ ; C o C r £ N F e, N i > C. 0, N. S 

[0026] mmm&m4(DUMt)Hci,±. 3000 

[0 0 2 7] £DS«ttBl4fc*5^TfcJ: x 6fi3H<0¥J^« 

[0 0 2 8] SfiKttffi 4 5-50nm(# 
£7-3 Onm) fc«<Otf#S C<0jl£tf±fE 

[0 0 2 9] SMS 5 ft*. SG«ttM 4 20 

»*«ffl-rscfc«<pift6-e*D, w^tfc. s i 02, 

ZrOa(D#HB^ SfcliCft&*^#£Uft79R 
1 0 n m£-r££>*)W£ Lt\> 

[0 0 3 0] iH?&M6k«. /W;^P4?yi-f 

[0031] ±mmf&<DmmM2mm^mmr^ci±, 

K2 0«ffifc»{t«J®&BSU #i^T*KIpIWJ»K3. S 
it« J ltW4 *j£&H*cj: K*T&J&tZ> Q Ztv 
X\ X/*-y*ffi*f\ CVDS, ^ if- Affile* ^> 

if v n - h j£ H <fc t) mmm 6 % o 40 

[0032] mm&Ti&m2*&!$.'?z>mcte, ±ea 

7tfXtcS^-&W^^:57?ffi^^SCi:^T^-5p ceo 
dcfi*r^<oS*^W*«o. 1 — 5 0 v o 1 %£-T3<D 

[0033] mmitTf&m 2 (ommicmimmttm?® so 
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*Mte«#xfc»r#ffi^ tt»ttTift«2*jB«-r 
s K^jSKffl A-r * tzcttt 

-esse ««ttT«»2o*ffi*aBRft**x»ci»'r» 

s^ii^^sc^^r^So *feikattTft&«2**» 

M2affiOKftOfi-&t^Sia5A^SJc«:«feA6. »?S 
<0IMt«l»*»« £ £ ^-e€« c £fctt«irFJfiM 2 <0 
ritffiffl^X£»**»A"rs»&tcti. WlTLtffiEIKffii: 

m^TJizf^icmm^tmmvo. 05%- 50 
% c»^L<tio. 1-20%) umm^^f^Ts-hm 

5Bfcffl^6ti«o c<0tt8aHtT*K2O»ffittfWc<fco 
T, «aKttT*K2 0«BOK»fl9*»6ff*ffl^.^ C 

TifiK 2 ±fc«*« n*El«WJW« 3 ottft»*»«ffc: 

VZ&o *fe««ttT«6»2«ffi(D»fl:gp» 
tc£oT. ^iftll l ^^ittT«20MW^t 

[00 3 4] mm&Ti&m 2 ffitBIS A 2 at 
*B2 b^*Snt<0^tSi&li:tt % ^mttT%^2 

«J*U y>TX*«MEU E*S£Wtt**&fcGl±<* 
^c^OTts, r--;i/ffisicoajS^«, 250 

°C-4 5 OT^^o C(07^/l/®lfiJS^2 5 0 o C 
— -;l/i0®ia£tf4 5 0 ffi«f B 2 aO 

~5 0# 0*£teff$LO±2~2 0*JO ^*T§^^1 

tf. fifttt*#ASi:. 5 0»ttT (»^L<ti:2 0# 

[0 0 3 5] EiRi»JOK3*«JSE"r«IS>i:tt, fiEK^fx 
icS^il^WAtSC^Ic^oT, S2[S]*J@IM30 

^lg^LTX^7^aW^^:^H ffi[&l*JfflI^3 

dTyfcttS«:f*asp-C0. 0 5-5 0% (»*L<(4 

o. 1-20%) gSI^lfc^ 

*i$T'0. 0 1 -2 0% Uff£L<te0.- 0 2-1 0 
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[oo3 6] mmm&m4t£mmmmt*?z>m&icte. 

i^lcte. jffi££Jg (Co, Co-&£) ^SftSSlO 

*-y*hfc, MS (Pt, PdW fr6ftW2© 

[0 0 3 7] «««5<DJR3M»ttJ:LTtt, 
-y^h^^X^'^^ CVD& ^Vtf- 
i*tt*ffl^^Cfc*«T**S 0 £fc, Si0 2 ^Zr0 2 <D 
^-y^ h^rffl^fcR FX/N>y^ &Z>i,H±S i^Zr 

X£ffit^£RjSteX/Vy £lc£^*t\ S iOz^ZrOz 

[0038] *sasjB«oa*tB»«f*"ett. i^itf 

aFe-bCo-cM-dXl-fN ---(l) 

(60<a + b<90, 3 0 ^ a < 9 0. 5 < c S 2 
0, 0. l^d^7, 3<f^30) 30 
aFe-bCo-cM-eX2-fN ---(2) 

(6 0^a + b^9 0. 30^a^90, 5 ^ c < 2 
0, 0. l^eSlO, 3<f^30) 
a Fe-bCo-cM-dXl-eX2-fN •••(3) 

(60<a + b^90, 3 0 ^ a ^ 9 0. 5^c<2 
0. 0. l^d^7, 0. 1 ^ e ^ 7 , 3 ^ f ^ 3 0) 

[0 0 3 9] ±l2WB*fli^*i: tlCcfcoT, 1B»»£ 

^§0 <*£IC, F e N-g-^C. M (Ti, Zr, Nb, 
H f\ Ta, V, Mo<Dv-z> 1 «£fcfcfc 2 ««±) 3rg5 

mmL^^tctb, MVmulc^iT, fiiSOJgj5K*ffi 

CtmS, SfcXl (C r , G a, A K Si, N 
i OS'S 1 «*fct±2fflfiU:) «\ FelcBjgU Fe 
-&&3BffiOfiES«:ai^*ttK^*So CCDtctb, X\<0 
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c. b. o) es8H«Jc<i«f u^-r < > astc43^> 

fcJB/frrafcfcfcfcs iI*lft»Jl«ft*«iW , rsc £tf 

*y>rxw»jtfprfl!£&£o xi^X2^-rn^i or* 
fcj«*/^XfllHS»S^*«/)V cn^^wts 

5C^Tt5, Ct±oa**cJ;t)s ±E*m*flI^* 
c£lc£oT, <RKttTlt6K2rt<03Bftttg*/J>$<-r 

H-rs/^x^fiH-rsc^tfT^So *^tt«tt*ai 

[00 4 0] £fc, tt»ttTiftM2tC*3l/^TJB»e*» 

■cMEs-rsiBiPiWJW»3. sfi«ttM4Jcfe^Tfcaa 
om^sitmuM* tt«ttT«fiBB2*aioTBt/a 

ttT«i2 i:llKttl4 (iAIOKXlc J; D«ffc«h 

coifed, mm.mvkmKomn.t^xz-v^x 

«\ «attT«fiH2<DK«^^X^-1t-rX^ll«. /h 

[0041] w±j: t), *ntmm<Dmmmmt*v 

tt. ttfiBEttT«fiK2«3j:tfSlSai'ttlS4^o^T. ISA 
tt2fe«fctf««*^x*-'9->rX*/h*<U IBiiB^ 

(MFM) JcJ:t)*a6SC^^T-$«o -r**>**«tt 
T^2*««LfcS(BO»f*«S£8RJB«bfca, MF 

i^sKfbomaoitg^ais^^-Yx^-^-YX^-rs 

[0 0 4 2] *^*^««0«jWEf»«»T«:, tttt 
14TttJ^2tC. ±Ea(l)-(3)IC/7ttffi*ffl^50 
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[0 0 4 3] *fc, tt«H4Tlfi»2«:. Maf»2a 
»JfflttB2 a<fct)fcM£N (M= T i v Zr, N 
b, H f\ Ta, V, MoO^ 1 «*fc(4 2«W±) 
**<*#fS3MUMB2 b tfrttZmftGCt 

Lx HM8BSIS2 aMO««W«Sffffl*ai^, ««*^ 

y--fx*/h*<-e*. »f*y*fX*/N*<-r* 

*><3MS»f|2 bkl«««;fca&T*S£#*S*lS« 10 

[0 0 4 4] **^»OBK*f2»»f*o»Bt75ri£"e 
tt, tt«ttTJfi«2fc:, ±Ert(i)-(3)fc:iR-r»»*ffl 

< Lx ©^ttT^BIi 2 . gfifiBtefli 4 tc^St" * 
y-fX*«»rSilfc#-Cf?*<> £fc»»1tTifiM2*5 

[00 4 5] H 5 li, *«WOaSSMBa!«i*OS 2 Og| 20 

IllttotmiZZo ElRl*jarF«fi»7fcli N Ti, Zn, 
Y, Zr, Ru, Re, Gd, Tb, HfO^lK 

3fett2«W±**«»i:'r**f»*«^^«ci:*«'e* 
3o BElRlWJlBrF«6M7<D»II^LTtt. B2M 

£ LTti, N i A L FeAU C o F e , C o Z r , 
NiTi, AICo, AlRu, CoTi(D^lI$ 30 

fett2^±o*A*±ric»^-r*t>03Wieffl-e*s 0 

£/c s cn^^CCr, Mo. Si. Mn. W, N 
fflt^L^Tt^ Efft*JWT%K7(0jp^tt, 30 

SiBKttM 4 i: «flKttT»M 2 
<&S^i6»»ttfeJ;tfy^XWtt^*ft;rft. gEftfrJ 
®Ti&JJi7<DJP2te. 0. 1 nmW±ttSW»Sl 

</\> 

[00 4 6] 0 6 ti, #3R^O«»ES&f*<05l 3 <DH 4 0 

»mm3tmmmim4t(om^ 

*HKtt*HIB8)V»*6tiT^*jaiT, BUcStSi 
o*JliJB«o«*E«af*i:H**. IHKtt*H«8»c 
tt. h c p«BB*t*#«»»»*Ht^03Wff*L 
t\ C^tim CoCr^l CoCrX5§ 
C oX5^ (X5ti. P t , T a N Zr, Ru. N 
b. Cu, Re. N i . Mru Ge. Si, 0, N. B 
<D5% 1 »£fc**2»W±> *ffll^OW»iS"e**o 
3f«tt*IBM8 0JP«tt, £BttttK4£&t**tttttt so 
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©aytfk»c<kSE»B^W1t©aifl:^ B«^yKt« 

<D{&T*$f3<~fctt>, 2 0 n mi-XT (W£L<ti 1 0 nm 

wt) fc-rsotfjrart***. *n«s»S8r*ti. 3E«tt 

*RB«8*R»*Cfcfc«fcoT, Mflai8teK4<DEfiltt 
*rt±«*. ««W3Hc*i«a&. E»BaWttl3<ktftt 

[00 4 7] m 7 its *»MO«»E»»f*0* 4 Ogl 

SBKM^-rfcO-eft*. <i<DH5[E»!«»"Ct±. 3EB 
tt»El ttt«ttT«l«2^0Wc, Kfb&Stttfffirt 
75riftfc:iRl^fcBEatt«9i:BBrtTJfSMl 0^H»6tiT 
i,^«5T\ B 1 tcm+n 1 ©«*«W)««E»«t*t 
g&3 0 BHKtt«9K:fflv>6ns»»i:LTtt. CoC 
r #ICC o C r X6 (X6fci\ P t . Ta! Z r . 

Nb, C ik Re, NK M ru Ge, Si. 0. N. 
B<Do%fr£>MlfnZ> lffl^fc«2MJ^±) *fflt^O 

ttJ^9ti, «8AHctfl 0 00 (Oe) JM± (#S b 
< 12:2 0 0 0 (Oe) J^±) V»ZCttf&tils\,\ W 
Bttl9 0»?^ 1 0—1 5 0 nm L < ti 4 0 

~8 0nm) tTZ>(Dft&Ll\ ««fflK9*i. tt«tt 

2 # s«¥a#ift<D«B*jR« l^i^ ? ict- 3 

9 4: ««ttTifi« 2 LTt^Ct^L 

LTli. Cr*ftttCr*4*#WCW 

Tits CrMo^, CrTil, C r WIS, CrMo 
2^. C r V3R. CrSiS, Cr Nb$^W5 

[0 0 4 8] B«tti9*l»«e:i:k:j;oT, 
n, *»flffi»^*ft««Ei»!(M**»sc^w-e* 

So 

[OO49]08^ ^WOOt9CEfttt»(Dft5<0|| 

%mmt*tm%;%o m<t&mm\ KountLnt, f 

e^:6 0a t %SLt&5T& F efi4*ffl^ft£ ^fff 
f^o C<DWS^IT^ FeCo^4(FeCo, 
FeCoV^a, FeNi^4(FeNi, FeN 
iMo, FeNiCr. FeNi Si^if) , F e A 1 
(FeAU FeAlSi. FeAlSiCr. 
FeAlSiTiRu^H) , FeCr^tFeC 
r. FeCrTi, FeCrCu^a , F e T a 
4(FeTa, F a T aC^if) , F e F e 

F e S i IR^. F e P^^ F e N bJk 
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IS 1 llix F e A 10, FeMgCK FeTaN. Fe 

9-«BS^-r*c4:fC**. KftfiSHi l fctt* c 
o*80a t%tt±^tU Zr, Nb, Ta. Cr, 

iMc^tt'tSo W^.tf. CoZr, CoZrN 
b. CoZrTa. CoZrCr, CoZrMo*^ 

O«0E*H clilOO (Oe) WT (iff* L < 5 0 

(Oe) WT) fc-r*<oa<#SUo. ttftifiSKi no 
fiSflJOtlKSBfiB sti\ 0. 4Ttt± (»$L<ttlTtt 
±) tt5»$U\ £fc. afkfiSKl lOB» 
^m^SIi/P^Bs • tfc*7. 2T • nmWmSC 
£jff£Ll\> c<DBs • t^±|EIBH«rS^.*i:|f^ffl 
*aMrFT5fc&#£L<*l\> *fc«ffcfifil»l no 
S^caasptix i ooo — i oooooo (Jff$ L < & 
i o o oo — 5 ooooo) i:nw5fSH\ «ft 

itmi&£?z££.iw%z>o f*t»-6«ffcfi3ei« i no 

^® (MM5«£fcCi£KK1»4W0BB) *5cfctf^ 
<OJS«tc43 , «Wt«»^»»« * fcfc W *cg£ f t 

[0 0 5 0] ttttsmt&V&s OMtSffiKl 1 *W*« 
Ml naot, SHKttK4O«ffiU:*3^SKfte0Jg 

ft±-r*ott, ttftsjeaii naot> Sffi8ttfli4 

1 1 <0®rt#fc<Ofi£ft^ BH«»*J&S*««J:5fcft 
Slt«tt«4<0«ffc*(<*D3ftHtcSit»iaite:Hffi* 

ap*«»ffc*nfe«irti:-r*»&«cw: s atftssHi no 

CO 0 5 1 ] i9(i *«Wcffi*«»f28B£«»0 40 
■tit. ±E«tfiRo««C«af*2 0fc, cottSCIBfSMt 

f*2 o^0Kigi!)^^^^*igi!ja5 2 1 1. rnmrnm 

t*Z 0te»LTt(MBOIB«ll**tf ^BW'Ny K2 2 
fc. ISew K 2 2*ii«**^y KIHV2 3 t, 

K»lf£«#«ys*2 4 ^^i^n^o ib»S£«# 

»2 4Ci. X**tlfc7 f ->*«HLTE»«**«« 
^7 K2 2 ICM -ofc*)> «»^'yh'2 2^5<0BSif 

</>£o 50 
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[0 0 5 2] KSCN? K2 2 kim K* 
fflMCtWfS. 01 (Hi. KO— W* 

SrtOT. *lfrNyK2 2tt, Ki2 5i:, 3^/1/ 
2 6£fr£fSB&#fj££tlTt,^o &fii2 5*4, «<0»<^ 

[0 0 5 3] *«W^y K2 2*JH^T. OtiRIBSffif* 
2 0^<0C«*ff3Kk:«:. *«8g2 7 0Jt«S*^»^ 

*^lRltc«fk$^5o C<Ofi& K»fE»«f* 2 (He li» 
ttttT««2#R»SftT^*;fcl&, #Ifi^y.K2 2 
O±««2 7^6«0i*tt, fil!£ttfifi4, tttfttTtt 

■2*a-DT*i»aiai2 sjcmshsbeb**^*. c 
(oamatfimmsr*? k 2 2 £«»fB»«#2 0 £<op^ 

fc««*tisc KmoffiAt) outfit U 

3B««<OlBaflSfe3yprttfc«:«o &*5> tt«ttT«SR2 
£ffKj«ffi2 8 £<DH<D«jft«:. *!K8i2 7 fcttflMTF 
«&«2tOB<0«jR4ti:iS!lRl€rteas^ *if»58<12 8 

<Dwm&£Mffi2 7 icj*^t+shc/£^<ot\ ffftttis 

2 83^60«JMB*li+»k:/h«<ftD. c<0»8&«« 
2 8^6 <o«sfc K: £ 5 SfifSttit 4 tOOMtff 

la^^K^LTx ¥ 

(gmr) i^?*ffli^^a^a!»««»Efa^y F«« 

[0 0 5 4] 44IMDBttottflQKIf£«nti:^ Jfc^fB 
■MUt2 0<ott«ttTJfi§l2fc, ±ES(l)~(3)fc:iR'r 
H^fflt^fO^ tt«EttTittJK2rtOS«tt*«im 
ft. BlttftU ««KttTflfi»2k:gHt"ay-fX*ffiK 
t5Ci:OTf5. Sfc*«ttTiftl«2+0««*9X 
tMX*v.h*< U cftfc:j;oTSlI«tt«4rt<0 

[0 0 5 5] 

t»4)T*ti:&b\, 

12. 5^>^) ^Dcv^hpyx^7^8t cr 
*;W^I!C-3 0 1 0) (0/SM^*v/WciK£L 
T. PJS^Sl XI 0- 5 PatftSSTjSBftyM 
rt^ftCLfca. CO^Xgffi±tC. 8 4 F e - 1 3 

*B-&*x (^^&W^5 v o I %) *T'> ^ISTttfi 
Bg2 OPS! OOnm) ^BWL^fc 0 Wm&T 
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ftytlfc (AES) m^Lf:i:<:5> 7 5 Fe- 
ll. 6Hf-2. 4Cr-l lNT^5Ci:W^ 

n/co zTcmsmmTmm (tem) ^s^tl^ 

14. *»<oaWB»»2 a^ARffi2 btC£oTPgT£ 

aiJSSII (VSM) fci tt«ttTifiM2 
<0§Sft»lRSfi B s 14 1 . 5 T 0 . B s • t 1 5 
OT • nmT'fe^c^^^fco #^T\ 2 0 0°C<0 
3kftT\ »«tt~F«&»2±fc:. 5 0 N i - 5 0 A 1 frS 
ftSBai&ieJWTftfiH7 (f^8nm) Ru^5&5 
SfflfHMK3 (i^lOnm) £fr&tt«EMflPM3 
%JIH*JBfi8Lfc 0 65Co-l7Cr-16P 
t-2B^646lI8ffll|4 (i^2 5nm) fcJg/S 
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